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SPECIFICATION 

[TITLE OF THE INVENTION] OPTICAL FILTER, PICKUP DEVICE USING 
THE OPTICAL FILTER, AND PICKUP APPARATUS USING THE PICKUP 
DEVICE 

[Abstract] 

[Object] To provide a piclcup device and a metliod therefor in 
order to malce small and thin an optical system including an 
optical filter, for the purpose of malcing small and thin an 
image piclcup apparatus. 

[Solving Means] An infrared ray bloclcing layer is laminated 
on a birefringent plate consisting of niobic lithiiam 
monocrystals to obtain an optical filter, and the optical 
filter is used as a cover glass of a package in which a piclcup 
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device is accommodated. 
[WHAT IS CLAIMED IS;] 

[Claim 1] An optical filter that is composed by laminating an 
infrared ray blocking layer whose transmission factor is 85% 
or more with respect to light the wavelength of which is 400 
through 550mn, which is in a visible light range, and whose 
transmission factor is 15% or less with respect to light the 
wavelength of which is 725 through lOOOnm, which is in an 
infrared ray range, on a birefringent plate consisting of 
niobic lithium monocrystals . 

[Claim 2] An optical filter, having a plurality of said 
birefringent plates laminated, in which said infrared ray 
blocking layer is laminated on the extreme outer side thereof 
or therebetween. 

[Claim 3] The optical filter as set forth in Claim 2, wherein 
at least three birefringent plates are laminated, the optical 
axis projecting directions of the respective plates are made 
into 45 degrees through 90 degrees, and transmission light is 
separated in the form of a square or rectangle. 
[Claim 4] The optical filter as set forth in Claim 2 or 3, 
wherein at least one of a plurality of said laminated 
birefringent plates is substituted by quartz crystal . 
[Claim 5] The optical filter as set forth in any one of Claims 
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2 through 4, wherein at least one of a plurality of said 
laminated birefringent plates is substituted by a 1/4 
wavelength plate. 

[Claim 6] The optical filter as set forth in any one of Claims 
1 through 5, wherein, as said infrared ray blocking layer, the 
P-V (Peak-Valley) value of the transmission factor of light 
the wavelength of which is from 400 through 550nm which is in 
a visible light range, is 10% or less. 

[Claim 7] The optical filter as set forth in any one of Claims 
1 through 6, wherein, in regard to said infrared ray blocking 
layer, a fluctuation in the mesial magnitude wavelength of the 
transmission factor is ±15nm or less within 20 degrees in the 
incident angle of light. 

[Claim 8] The optical filter as set forth in any one of Claims 
1 through 7, wherein the transmission factor of light the 
wavelength of which is 400nm through 550nm which is in a visible 
light range is 85% or more. 

[Claim 9] A pickup device including a birefringent plate 
consisting of niobic lithium monocrystals on the opposite side 
of a light receiving side of a pickup element accommodated in 
a package. 

[Claim 10] The pickup device as set forth in Claim 9, wherein 
a plurality of said birefringent plates are laminated. 
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[Claim 11] A pickup device including an optical filter, as set 
forth in Claims 1 through 8, on the opposite side of the light 
receiving side of the pickup element accommodated in a package, 
[Claim 12] The pickup device as set forth in Claims 9 through 
11, wherein, using an ultraviolet ray hardening agent or an 
adhesive agent having a thermal expansion coefficient of 8 x 
10"^ through 3 x 10"V°C, said birefringent plate or optical 
filter is bonded to the package. 

[Claim 13] The pickup device as set forth in any one of Claims 
9 through 12, wherein said birefringent plate or optical filter 
is bonded to the package, using a plurality of adhesive agents 
in accordance with the thermal expansion coefficients with 
respect to the axial direction of the birefringent plate 
consisting of said niobic lithium monocrystals . 
[Claim 14] The pickup device as set forth in any one of Claims 
9 through 13, wherein said birefringent plate or optical filter 
is bonded to the package so that a difference in temperature 
becomes 30 degrees or less in said niobic lithium monocrystals . 
[Claim 15] A pickup apparatus including an optical filter as 
set forth in any one of Claims 1 through 8 and a pickup device 
as set forth in any one of Claims 9 through 14. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 
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[Field of the Invention] The present invention relates to a 
pickup apparatus such as a digital camera and portable terminal 
device, an optical filter used therefor, and a pickup device 
used therefor. 
[0002] 

[Prior Arts] Generally, pixels are cyclically arrayed in CCD 
(Charge-Coupled Device) and CMOS (Complementary Metal-Oxide 
Semiconductor) , etc. , which are used as image pickup elements. 
Where these devices are used, if harmonic components which are 
larger than one-half the sampling frequency of the pickup 
device are included, these are taken in as false signals, 
wherein a problem such as moire occurs. Therefore, as shown 
in Fig. 3, an optical filter 13 consisting of a birefringent 
plate and a diffraction grating, etc., is disposed between a 
pickup element 12 and an object lens 8, which are accommodated 
in a package 11 and sealed by a cover glass 14 (Refer to Japanese 
Unexamined Patent Publication Nos. Hei-1-254912 and Hei-3- 
284714) . 

[0003] Also, in line with downsizing of a pickup apparatus, 
as shown in Figs. 4(a) and 4(b) , there may be cases where an 
optical filter 13 is installed on the cover glass of a package 
11 that accommodates a pickup element 12 (Refer to Japanese 
Unexamined Patent Publication Nos . Hei-1-129671, Hei-5-257086 
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and 2000-40813) . 

[0004] Generally, since it is difficult to form an accurate 
shape with respect to a diffraction grating, and the mounting 
position cannot be freely secured due to the focusing point, 
a birefringent plate is preferred. In addition, quartz crystal 
may be generally used as a material of the birefringent plate. 
[0005] As shown in Fig. 5 (a) and 5(b), the optical filter 13 
is such that birefringent plates 16 and 18 composed of quartz 
crystal and 1/4 wavelength plate 17 are laminated, a glass sheet 
is placed as an infrared ray bloclcing layer 19 therebetween 
or coating is carried out. 

[0006] Where the piclcup elements 12 are generally used, since 
the piclcup elements 12 are sensitive to the infrared light, 
a piclced-up image may be generally turned red. Therefore, it 
is necessary to block the infrared light to a certain range. 
As shown in Figs . 5(a) and 5(b), the infrared ray blocking layer 
19 is provided. 

[0007] 

[Objects to be Solved by the Invention] At present, further 
downsizing and thinning are preferred in devices using the 
pickup apparatuses. 

[0008] However, since, in the optical filter 13 composed of 
birefringent plates 16 and 18 consisting of quartz crystal. 
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the birefringence is slight, thinning thereof is difficult. 
The thinning is enabled by a material having high birefringence . 
However, if rutile (TiO^) and calcite (CaCOj) are used as the 
material, there are problems with respect to the stability of 
quality, stability of supply, price, and/or size, etc. 
[0009] 

[Means for Solving the Problems] The present invention is 
featured in that downsizing and thinning can be achieved by 
a birefringent plate consisting of niobic lithiiam monocrystals 
for an optical filter, and an infrared ray bloclcing layer, whose 
transmission factor is 85% or more at a visible light zone of 
400 through 550nm and whose transmission factor is 15% or less 
at an infrared light zone of 725 through lOOOnm, is laminated 
on the birefringent plate consisting of niobic lithiiom 
monocrystals . 

[0010] Also, the present invention provides a structure in 
which a plurality of birefringent plates consisting of niobic 
lithium monocrystals are laminated, wherein at least three 
birefringent plates are laminated, the optical axis projecting 
directions of the respective birefringent plates are made into 
45 degrees through 90 degrees, and transmission light is 
separated in the form of a square or rectangle, thereby 
obtaining an optical filter matched to an pixel pitch. 
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Furthermore, even where at least one of the biref ringent plates 
laminated in a plurality is substituted by quartz crystal, or 
is substituted by a 1/4 wavelength plate, an effect of 
separation can be brought about. 

[0011] In addition, the present invention achieves further 
downsizing and thinning by attaching a film for which a P- 
V value is 10% or less as the infrared ray blocking layer, and 
a fluctuation in the mesial magnitude wavelength of the 
transmission factor is ±15nm or less within 20 degrees in the 
incident angle of light. 

[0012] The present invention provides an optical filter, in 
which the transmission factor is increased and the transmission 
factor is made into 85% or more in a visible light zone of 400 
through 550nm in the entirety of the optical filter, by applying 
an antiref lective coating to substances respectively brought 
into contact with the above-described biref ringent plates. 
[0013 ] Also, the invention acliieves the downsizing and thinning 
of a piclcup devices by providing the above-described optical 
filter in a paclcage for accommodating a pickup element. 
[0014] In addition, with the invention, a substance that does 
not raise the temperature, such as an ultraviolet ray hardening 
type, is used as an adhesive agent to cement the above- described 
optical filter to the package, and cracking is prevented from 
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occurring with respect to a substance, whose thermal expansion 
coefficient is 8 x 10'^ through 3 x 10'V°C approximate to the 
niobic lithium monocrystals, in an adhesive agent that requires 
heating. Furthermore, several types of adhesive agents may be 
simultaneously used in response to the axial direction of the 
birefringent plate consisting of niobic lithium monocrystals , 
or cracking can be prevented from occurring by suppressing a 
difference in temperature within 30 degrees in the niobic 
lithium monocrystals in the bonding process. 
[0015] 

[Embodiments of the invention] An optical filter according to 
the invention is illustrated in Fig. 1. 

[0016] The optical filter 9 is constructed by laminating 
birefringent plates 1, 2 and 3, which consist of niobic lithium 
monocrystals, and an infrared ray bloclcing layer 4 as shown 
in Fig. 1. The infrared ray bloclcing layer 4 may be bonded on 
the surface of the birefringent plates 1, 2 and 3 or may be 
bonded between a plurality of the birefringent plates 1, 2 and 
3. Also, the infrared ray bloclcing layer 4 may be solid or a 
thin film. 

[0017] As shown in the detail below, since pixels are cyclically 
arrayed in pickup elements 12 such as a CCD, CMOS, etc., and 
a color filter is cyclically attached thereto, the optical axis 
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projecting directions of respective crystals are crossed at 
an angle of 45 through 90 degrees by using at least three 
birefringent plates 1, 2 and 3 as described above, and the 
incident light is divided into uniform lights at four points 
in the form of a square or rectangle, wherein it is possible 
to obtain an optical filter 9 corresponding to the pixel pitch 
of the pickup element 12 . 

[0018] Furthermore, it maybe constructed that the intermediate 
birefringent plate 2 of the birefringent plates 1, 2 and 3 is 
substituted by a 1/4 wavelength plate . The 1/4 wavelength plate 
may be composed by designing the crystal izat ion direction and 
thickness of quartz crystal and niobic lithium monocrystals, 
etc. 

[0019] In addition, even if at least one of the birefringent 
plates 1, 2, and 3 is substituted by quartz crystal, a similar 
separation effect of light can be obtained. 

[0020] Furthermore, although three birefringent plates are 
used in Fig. 1, only a birefringent plate 1 consisting of one 
niobic lithium monocrystal may be used as the optical filter 
9 . The infrared ray blocking layer 4 has a feature that 
transmits light, whose wavelength is 400 through 550nm in the 
visible light zone, and cuts off light whose wavelength is 725 
through lOOOnm in the infrared light zone. Since the 
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transmission factor in the visible light zone of 400 through 
SSOnm influences the brightness of a picture picked up by the 
pickup element as it is, the higher the better. Also, since 
the transmission factor in the infrared light zone of 725 
through lOOOnm greatly influences the redness, the lower the 
better. It is favorable that the transmission factor is 
continuously sharply decreased in the intermediate zone from 
550 through 725nm. In particular, an optical filter is used, 
in which the transmission factor is 85% or more at a wavelength 
of 400 through 550nm in the visible light zone, and the 
transmission factor is 15% or less at a wavelength of 725 
through lOOOnm in the infrared light zone, and further an 
optical filter is used, in which the wavelength zone is 
continued so that the mesial magnitude wavelength at 50% of 
the transmission factor becomes 63 5 ± 15nm, wherein a picture 
thus obtained approximates the sensitivity of a human. 
[0021] Also, since light from a subject is made incident within 
20 degrees with respect to the vertical direction of the optical 
filter 9, it becomes necessary to process digital signals in 
response to individual characteristics of the transmission 
factor, when carrying out mass production, in line with an 
increase in fluctuations of the spectral transmission factor 
in the range, this becomes very cumbersome. Therefore, it is 



-11- 



favorable that the fluctuation in the mesial magnitude 
wavelength is slight when the incident angle is within 20 
degrees, and it is highly recommended that the fluctuation is 
±15mn or less. 

[0022] However, since the refractive index of the birefringent 
plates 1; 2 and 3 consisting of niobic lithium monocrystals 
is large where the infrared ray blocking layer 4 is a thin film, 
a ripple is brought about, by which the transmission factor 
drops at several points in the visible light zone of 400 through 
550nm as shown as a prior art example in Fig. 6. In order to 
prevent this, thin films composed of a high refractive material 
such as titanium oxide (TiOj) , etc., and low refractive material 
such as silica oxide (SiOj) and magnesium fluoride (MgF) , etc., 
are laminated by several layers as the infrared ray blocking 
layer 4 in order, the transmission factor at 400 through 550nm 
is made into 85% or more, wherein it is preferable that the 
P-V value is set to 10% or less. In addition, it is further 
preferable to construct a sharp-cut infrared ray blocking layer 
4 , in which the mesial magnitude wavelength of the transmission 
factor of 50% is 625±25nm and the transmission factor in the 
infrared light zone of 725 through lOOOnm is made into 15% or 
less . Films may be formed by an evaporation coating method or 
a spattering method, etc. 
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[0023] By forming antiref lective coatings 5, 6 and 7 with 
respect to substances brought into contact with respective main 
planes of the birefringent plates 1, 2 and 3 and the infrared 
ray blocking layer 4, it is possible to make the transmission 
factor into 85% or more in the visible light zone of 400 through 
550nm of the entirety of the optical filter 9 as shown in Fig. 
7. 

[0024] In regard to bonding of the birefringent plates 1, 2 
and 3 consisting of niobic lithium monocrystals and the 
infrared ray blocking layer 4, which constitute the optical 
filter 9, a permeable adhesive may be used, or a mechanical 
joint may be available - 

[0025] Fig. 2 shows an example in which an optical filter 
according to the invention, which is thus obtained, is applied 
to a pickup apparatus. 

[0026] A pickup element 12 such as a CCD and CMOS, etc., is 
accommodated in the package 11, and an opening portion of the 
package 11 is provided at the light receiving side of the pickup 
element 12, where an optical filter 9 shown in Fig. 1 is used 
and bonded thereto by an adhesive agent 10, as it is 
concurrently used as a cover glass that has transmittance and 
protects and seals the pickup element 12 . 

[0027] Generally, since pixels are cyclically arrayed in pickup 
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elements 12 such as a CCD and CMOS, etc., and color filters 
are cyclically attached thereto, the optical axial projecting 
directions of respective crystals are crossed at an angle of 
45 through 90 degrees by using at least three of the 
birefringent plates 1, 2 and 3, and the incident direction are 
divided into uniform lights at points in the form of a square 
or rectangle, and an optical filter 9 corresponding to pixel 
pitches of the pickup elements 12 is provided, wherein it is 
possible to decrease the space where an optical filter 9 is 
conventionally placed. 

[0028] An adhesive, glass material and resin material, etc., 
may be used as the above-described adhesive agent 10, the 
thermal expansion of which is approximate to that of the niobic 
lithium monocrystals . In particular, a thermosetting adhesive 
whose thermal expansion is 8 x 10"^ through 3 x 10"V°C or the 
like is preferable. 

[0029] Also, in the invention, the thermal expansion 
coefficient of the niobic lithium monocrystals used as the 
birefringent plates 1, 2 and 3 in the optical axis projecting 
direction is different from that in the direction perpendicular 
thereto as in Table 1. Therefore, it is preferable that a 
plurality of adhesive agents 10, the thermal expansions of 
which are approximate to each other in the respective 
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directions, is used. 
[0030] 

[Table 1] 





Optical axis 
direction (Caxis) 


Direction perpen- 
dicular to the 
optical axis (a axis) 


Thermal expansion 
coefficients ( /°C) 


7.5 X 10'' 


15.4 X 10"' 



[0031] Or, a UV curing adhesive to which no heat is applied 
may be used as the adhesive agent 10. 



[0032] Also, since a craclc is liable to occur if there is a 
large difference in temperature in part of the niobic lithium 
monocrystals during joining, it is preferable to produce the 
monocrystals so that the difference in temperature becomes 30 
degrees or less in the monocrystals. 

[0033] Thus, where an optical filter 9 provided with an infrared 
ray blocking layer 4 using the birefringent plates 1, 2 and 
3 consisting of niobic lithixim monocrystals according to the 
invention is disposed in the paclcage 11 for accommodating the 
piclcup elements 12, it becomes possible to remarlcably shorten 
the distance of the optical system, wherein it becomes possible 
to downsize and thin the optical system. 
[0035] 

[Embodiment] An optical filter 9 shown in Fig. 1 is constructed 
by using three birefringent plates of 4-inch size, which 
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consist of niobic lithium monocrystals inclined at 45 degrees 
from the optical axis plane of the crystals. The substrate 
thickness of the first biref ringent plate 1 is made into 0 .31mm. 
Where it is assumed that the optical axis projecting direction 
line is 0 degrees in the substrate, the optical axis projecting 
direction lines of the second and third birefringent plates 
2 and 3 are made into +45 degrees and -45 degrees, respectively. 
The thickness of the second and third birefringent plates 2 
and 3 is made into 0.22mm. 

[0036] Antiref lective coatings 5, 6 and 7 responsive to 
substances with which the respective birefringent plates 1, 
2 and 3 are brought into contact are applied to both sides 
thereof. An antiref lective coating 5 corresponding to air is 
applied to one side of the first birefringent plate 1, and the 
antiref lective coating 7 and infrared ray blocking layer 4 are 
applied to the other side thereof. The film of the infrared- 
ray blocking layer 4 is produced by laminating thin films of 
titanixim oxide and silica oxide by 20 or more layers in order, 
wherein the following characteristics can be obtained, that 
is, the transmission factor is 85% or more in the visible light 
zone of 400 through 550nm, the transmission factor is 15% or 
less in the infrared light zone of 750 through lOOOnm, and the 
P-V value of the transmission factor is 10% or less at the 
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visible light zone of 400 through SSOnm. 

[0 037] An antiref lective coating 6 for a permeable adhesive 
whose refractive index is 1.5 or so is applied to both sides 
of the second birefringent plate 2. Furthermore, an 
antiref lective coating 6 for the adhesive agent similar thereto 
is applied to one side of the third birefringent plate 3, and 
an antiref lective coating 5 for air is applied to the other 
side thereof. 

[0038] Although a film of the infrared ray bloclcing layer 4 
and antiref lective coatings 5, 6, and 7 are coated by an 
evaporation coating method, these films may be coated by a 
spattering method. The birefringent plates 1, 2 and 3 are 
adhered and fixed by the above-described adhesive agent while 
accurately maintaining the optical axis projecting directions 
at the above -de scribed angle with the birefringent plates 1, 
2 and 3 placed in order. 

[0039] In the optical filter 9 thus obtained, the spectral 
transmission factor was improved so that, as shown in Fig. 6 
and Fig. 7, the transmission factor is 85% or more in the visible 
light zone of 400 through 550nm, and characteristics of the 
ripple is slight. 

[0040] There is no special limitation in the refractive index 
of the permeable adhesive, wherein an antiref lective coating 
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responsive to the refractive index may be coated. Also, there 
is no limitation with respect to the hardening method of the 
adhesive agent, wherein ultraviolet curing, thermosetting, 
etc., may be acceptable. However, the UV curing adhesive is 
further preferable in view of reliability and thermal 
characteristics of the birefringent plates. 
[0041] An optical filter in which three birefringent plates, 
thus obtained, consisting of niobic lithium monocrystals, and 
an infrared ray blocking layer are laminated, is turned into 
chips, whose size is approximately 30 x 30, by dicing. 
[0042] The optical filter maintains the transmission factor 
at 90% or more in the visible light zone, and is divided into 
4 points at a pitch of 12\\m in the form of a square. 
[0043] The chip is bonded as the cover glass at the light 
receiving portion side of the package 11 in which a CCD imager 
12 is accommodated, as shown in Fig. 2. 

[0044] With respect to the bonding thereof, the entire 
periphery of the optical filter is bonded and adhered by using 
an UV curing adhesive. In addition, a thermosetting adhesive, 
resin, glass, etc., may be used for bonding. However, when 
heating, it is necessary to select a substance whose thermal 
expansion coefficient closely approximates that of niobic 
lithium monocrystals. Also, it is necessary to take thermal 
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characteristics of the adhesive agent, which are used when 
laminating the optical filter, into consideration. 
[0045] In an optical system in which a pickup device having 
a thus obtained optical filter integrated is used, the 
installation space is decreased to a thickness which is 
approximately one-third, in comparison with the optical system 
of a pickup device in which separation is carried out by a prior 
art filter, wherein it is possible to decrease the thickness 
to approximately one-second the installation space of the 
optical system of a pickup device in which a quartz crystal 
optical filter is integrated. 
[0046] 

[Effects] According to the invention, an optical filter is 
constructed by using biref ringent plates consisting of niobic 
lithium monocrystals, and is used as a cover of a package in 
which a pickup element is accommodated, wherein it becomes 
possible to downsize and thin a pickup device. Furthermore, 
when achieving the same, a method for producing the optical 
filter without damaging the optical filter can be brought about, 
and it becomes possible to produce a film of an infrared ray 
blocking layer having characteristics that are required for 
niobic lithium monocrystals. 
[Brief Description of the Drawings] 
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[Fig. 1] is a view showing an optical filter according to the 
invention; 

[Fig. 2] is a sectional view showing a pickup apparatus 
according to the invention; 

[Fig. 3] is a sectional view showing a prior art pickup 
apparatus; 

[Figs. 4] (a) and (b) are sectional views showing prior art 
pickup apparatuses; 

[Figs. 5] (a) and (b) are views showing prior art pickup 
apparatuses; 

[Fig. 6] is a view showing the optical transmission factor of 
the infrared ray blocking layer of an optical filter; and 
[Fig. 7] is a view showing the optical transmission factor in 
an optical filter according to the invention. 
[Description of Reference Numbers] 
1: Birefringent plate 
2 : Birefringent plate 
3 : Birefringent plate 
4: Infrared ray blocking layer 
5: Antiref lective coating 
6: Antiref lective coating 
7: Antiref lective coating 
8 : Lens 
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9: Optical filter 

10: Acihesive agent 

11: Package 

12 : Pickup device 

13 : Optical filter 

14 : Cover glass 

15: Adhesive agent 

16: Birefringent plate 

17 : Birefringent plate 

18: Birefringent plate 

19 : Infrared ray blocking layer 

20: Reflection preventing plate 
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Fig.4 
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